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(54) Fluoroelastomeric compositions 

(57) Fluoroelastomeric compositions comprising: 

A) a fluoroelastomeric matrix; 

B) a semi-crystalline fluoropolymer, in an amount 
from higher than 40% to 90% by weight based on 
the total of A) + B); 

the fluoroelastomer A) incorporates the fluoropolymer 
B), the fluoropolymer B) being formed by tetraf I uo meth- 



ylene (TFE) homopoiymers, or by TFE by copolymers 
with one or more monomers containing at least one un- 
saturation of ethylene type, the average sizes of the 
semi-crystalline fluoropolymer particles being from 10 
to 100 nm, preferably from 10 to 60 nm. 



O 

in 

o 
<o 

CM 



CL 
111 



BNSDOCID: <EP 1260550A1_I_> 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 260 550 A1 

Description 

[0001] The present invention relates to fluoroelastomeric compositions consisting essentially of a fluoroelastomer 
and of a semi-crystalline fluoropolymer, having improved chemical and thermal resistance, high hardness and lower 
5 fluid permeability, in particular hydrocarbons 1 combined with good mechanical properties and elongation higher than 
200%, said compositions usable in the preparation of sealing manufactured articles, for example gaskets or pipes, in 
particular for the oil industry, said manufactured articles having surfaces roughnesses free. 

[0002] Specifically, the present invention relates to fluoroelastomeric compositions comprising a fluoroelastomeric 
matrix which incorporates semi-crystalline fluoropolymer particles, said compositions characterized by improved me- 
fo chanical properties combined with high hardness and improved surface aspect, roughness free. Said combination of 
properties makes available fluoroelastomers usable in the oil drilling field, wherein the fluoroelastomer manufactured 
articles must resist to high pressure variations and have good sealing properties. As manufactured articles, pipes, 
fittings, shaft seals (oil seal rings), gaskets can be mentioned. 

[0003] It is known that to increase the fluoroelastomer hardness in the oil drilling field, high amounts of filler, such 

is as carbon black, in an amount of the order of 40-60 phr, are to be added. In this way higher hardnesses are obtained, 
but the mechanical properties, in particular the elongation at break decreases to values of 100%, whereby the so 
obtained manufactured article loses its elastomeric properties and therefore it is more easily lacerable. 
[0004] By trying to replace the carbon black filler with a semi-crystalline fluoropolymer, for example polytetrafluor- 
oethylene (PTFE) powder, there are many difficulties in its incorporation already at amounts of about 25% by weight 

20 of semicrystalline fluoropolymer. At any rate it is not possible to prepare an homogeneous blend between the semi- 
crystalline fluoropolymer and fluoroelastomer. Furthermore the manufactured articles have no suitable hardnesses for 
applications in oil industry. Generally, to obtain a satisfactory homogeneization of the semi-crystalline fluoropolymer in 
the fluoroelastomer, it is necessary to use complicated technologies, using open mixers with complicated incorporation 
cycles, for example by heating rolls and using several steps. Even operating with these extremely complicated tech- 

25 nologies, the incorporation of the semi-crystalline fluoropolymer in the fluoroelastomer is not uniform and the manu- 
factured article shows poor mechanical properties (in particular the modulus/elongation ratio) and poor reproduci-bility 
of the results, whereby the preparation process has poor reliability and there is a high number of pieces to be discarded. 
Besides, the final manufactured article is not homogeneous due to the poor disperdibility of the semi-crystalline fluor- 
opolymer and therefore the hardness, even though it has an average value suitable to said applications, changes from 

30 point to point whereby the properties of the finished manufactured article are poor as above indicated and are not 
suitable for the use in the oil field, in particular in the oil drilling. Besides the sealing properties are poor. 
[0005] It is known to incorporate under the latex form a semi-crystalline fluoropolymer in a fluoroelastomer to improve 
the mechanical properties with respect to a fluoroelastomer filled with PTFE powder. The particles of the semi-crystalline 
fluoropolymer latex have sizes comprised between 10 and 100 nm. A latex of a semi-crystalline fluoropolymer is used 

35 in an amount lower than 40% by weight. Said compositions are not suitable for the oil drilling applications, both for the 
hardness values and for the mechanical and sealing properties. Seethe European patent application 1,031,607. In 
said patent application the fluoroelastomer is used in high excess with respect to the semi-crystalline fluoropolymer. 
In the Examples amounts of the fluoropolymer between 15-20% are used. It has been shown that with said amounts, 
surface roughnesses free are obtained. No examples with amounts higher than 20% are given. Therefore from said 

40 description one could not predict the surface aspect and the homogeneity of the properties (in particular mechanical, 
hardness and sealing properties ) of the manufactured article increasing the semi -crystalline fluoropolymer amount to 
values higher than 20%. The filler amount of 15-20% corresponds indeed to the amount of carbon black normally used 
in fluoroelastomers. 

[0006] The skilled man in the art was not able therefore to expect that by increasing the amount of the semi-crystalline 
45 f luoropolymers to values higher than 20%, manufactured articles could be obtained, roughnesses free, easily able with 
the conventional transformation technology of fluoroelastomers (for example open mixers), and with the excellent com- 
bination and homogeneity of properties required by the oil industry, for example for the oil drilling. 
[0007] In fact an essential aspect to obtain said properties is that the semi-crystalline fluoropolymer when used in 
amounts higher than 40% is capable to disperse in the fluoroelastomer without formation of aggregates and therefore 
50 maintaining the original size of the semi-crystalline fluoropolymer. The formation of said aggregates is a significant 
factor for the unhomogeneity and roughness. 

[0008] The need was felt to have available fluoroelastomeric compositions having the following combination of 
properties : 

55 - improved mechanical properties, in particular improved elastic modulus/elongation at break ratio; 
elongation at break higher than 200%; 

high hardness, homogeneous on the whole manufactured article and suitable for oil drilling applications; 
improved chemical and thermal resistance; 
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excellent surface aspect, roughnesses free; 

working easiness in equipments conventionally used in the fluoroelastomer field, without using complicated tech- 
nologies for incorporation of fluoropolymer. 



5 [0009] It would be desirable to have also said fluoroelastomeric compositions showing a lower permeability to fluids, 
in particular to hydrocarbons. 

[0010] The Applicant has unexpectedly and surprisingly found that it is possible to obtain the combination of the 
above properties by using the specific compositions defined hereunder. 

[0011] An object of the present invention are therefore fluoroelastomeric compositions comprising: 

10 

A) a fluoroelastomeric matrix; 

B) a semi-crystalline fluoropolymer, in an amount from higher than 40% to 90% by weight based on the total of A) 
+ B); 

15 the fluoroelastomer A) incorporates the fluoropolymer B), the fluoropolymer B) being formed by tetrafluoroethylene 
(TFE) homopolymers, or by TFE copolymers with one or more monomers containing at least one unsaturation of 
ethylene type, in an amount from 0.01 % to 1 0% by moles, preferably from 0.05% to 7% by moles, the average sizes 
of the semi-crystalline fluoropolymer particles being from 10 to 100 nm, preferably from 10 to 60 nm. 
[001 2] The fluoroelastomeric compositions of the invention are obtainable by mixing the latex of the semi -crystal line 

20 fluoropolymer B) with the latex of the fluoroelastomer A) and subsequent coagulation. 

[0013] Alternatively to the latex mixing, the fluoroelastomeric compositions of the invention can be obtained in the 
same reactor, using two subsequent steps: in the first step the semi-crystalline fluoropolymer B) having the above 
nanometric sizes is polymerized, while in the second step the fluoroelastomer A) is polymerized. By operating in this 
way the fluoroelastomer A) covers the latex particles of the semi-crystalline fluoropolymer B) allowing to obtain a very 

25 good disperdibility of the latter in the fluoroelastomer. 

[0014] The semi-crystalline fluoropolymer B) amount incorporated in the fluoroelastomeric matrix is higher than 40% 
by weight, preferably from > 40% to 80% by weight based on the total of the polymer mixture, more preferably from 
45 to 70% by weight. 

[001 5] The semi-crystalline fluoropolymer B) particles having the above nanometric sizes are obtainable for example 
30 by polymerization in aqueous microemulsion of perfluoropolyoxyalkylenes as described for example in the European 
patent application 969,027 in the name of the Applicant, herein incorporated by reference. Polymerization techniques 
in microemulsion wherein the oil phase is formed by polymerizable unsaturated monomers can also be used, as de- 
scribed in USP 5,523,346 and USP 5,616,648. 

[001 6] The Applicant has found that in orderto obtain the results of the invention it is essential that the semi -crystalline 
35 fluoropolymer B) has the mentioned nanometric sizes, while the size of the fluoroelastomer A) particles to be mixed 
with the fluoropolymer is not critical. 

[0017] It has been unexpectedly found by the Applicant, see the comparative Examples, that the combination of 
properties of the invention compositions is obtainable only if the semi-crystalline fluoropolymer B) is present in amounts 
higher than 40% by weight with respect to the composition A) + B). 
40 [0018] By semi-crystalline fluoropolymer, a fluoropolymer is meant, which shows, besides the glass transition tem- 
perature Tg, at least one melting temperature. 

[0019] The preparation of the fluoroelastomers A) of the composition of the present invention can be carried out by 
copolymerization of the monomers in aqueous emulsion, according to known methods of the prior art, in the presence 
of radical initiators, for example, alkaline or ammonium persulphates, perphosphates, perborates or percarbonates, 

45 optionally in combination with ferrous, cuprous or silver salts, or of other easily oxidizable metals. I n the reaction medium 
also surfactants of various types are usually present, among which fluorinated surfactants are particularly preferred. 
The polymerization reaction is generally carried out at temperatures in the range 25°-150°C, under a pressure up to 
10 MPa. The preparation of the fluoroelastomeric matrix is preferably carried out in microemulsion of (perfluoropoly- 
oxyalkylenes, according to USP 4,789,717 and USP 4,864,006. 

50 [0020] When the semi-crystalline fluoropolymer B) present in the fluoroelastomeric compositions of the invention is 
based on modified PTFE, i.e. it contains at least one comonomer, for its preparation comonomers having an ethylene 
unsaturation both of hydrogenated and fluorinated type can be used. Among the hydrogenated ones, ethylene, pro- 
pylene, acrylic monomers, for example methylmethacrylate, (meth)acrylic acid, butylacrylate, hydroxy ethyl hexylacr- 
ylate. styrene monomers can be mentioned. 

55 [0021] Among the fluorinated comonomers it can be mentioned: 

C 3 -C 8 periluoroolefins, such as hexafluoropropene (HFP), hexafluoroisobutene; 

C 2 -C 8 hydrogenated fluoroolefins, such as vinyl fluoride (VF), vinylidene fluoride (VDF), trifluoroethylene, perfluor- 
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oalkylethylene CH 2 =CH-R f , wherein R f is a C r C 6 perfluoroalkyl; 
C 2 -C 8 chloro-fluorolefins, such as chlorotrifluoroethylene (CTFE); 

(per)fluoroalkylviny!ethers (PAVE) CF 2 =CFOR f , wherein R f is a C.,-C 6 (per)fluoroalkyl, for example CF 3) C 2 F 5 , 
C 3 F 7 ; 

(per)fluoro-oxyalkytvinylethers CF 2 =CFOX, wherein X is: 

a C 1 -C 12 alkyl, or a C 1 -C 12 oxyalkyl, or a C n -C 12 (per)-fluoro-oxyalkyl having one or more ether groups , for 
example perfluoro-2-propoxy-propyl; fluorodioxoles : preferably perfluorodioxoles; 

fluorovinylethers of general formula CFX A ,=CX A ,OCF 2 OR A , (A-l) wherein R A} is a C 2 -C 6 linear, branched or C 5 -C 6 
cyclic (per)fluoroalkyl group, or a C 2 -C 6 linear, branched (per)fluorooxyalkyl group containing from one to three 
oxygen atoms; when R A) is afluoroalkyl or afluorooxyalkyl group as above defined it can contain from 1 to 2 atoms, 
equal or different, selected from the following: H, CI, Br, I; X A) = F, H; the compounds of general formula 
CFX A |=CX A ,OCF 2 OCF 2 CF 2 Y A , (A-l I) wherein Y A , = F, OCF 3 ; X AI as aboved are preferred; in particular 
CF 2 =CFOC-F 2 OCF 2 CF 3 (A-lll) and CF 2 =CFOCF 2 OCF 2 CF 2 OCF 3 (A-IV) are preferred. 

[0022] PAVEs, in particular perfluorom ethyl-, ethyl-, propylvinylether, MOVES, in particular MOVE I and MOVE II, 
and fluorodioxoles, preferably perfluorodioxoles, are preferred comonomers. 

[0023] The f luoroelastomers A) used in the present invention are VDF- orTFE-based copolymers and are for example 
selected from the following: 

(1 ) VDF-based copolymers, wherein VDF is copolymerized with at least one comonomer selected from the follow- 
ing: 

C 2 -C 8 perfluoroolefins, such as tetrafluoroethylene (TFE), hexafluoropropene (HFP); C 2 -C 8 chloro- and/or 
bromo- and/or iodo-fluoroolef ins, such as chlorotrifluoroethylene (CTFE) and bromotrifluoroethylene; 
(per)fluoroalkylvinylethers (PAVE) CF 2 =CFOR f , wherein R f is a C r C 6 (per) fluoroalkyl, for example trifluor- 
omethyl, bromodifluorome thyl, pentafluoropropyl; 

perfluoro-oxyalkylvinylethers CF 2 =CFOX, wherein X is a C 1 -C 12 perfluorooxyalkyl, having one or more ether 
groups, for example perfluoro-2-propoxy-propyl; 

fluorovinylethers (MOVE) of general formula CFX A |=CX A ,OCF 2 OR A , (A-l) wherein R A , is a C 2 -C 6 linear, 
branched or C5-C6 cyclic (per) fluoroalkyl group, or a C 2 -C 6 linear, branched (per) f luorooxyalkyl group con- 
taining from one to three oxygen atoms; when R A , is a fluoroalkyl or a fluorooxyalkyl group as above it can 
contain from 1 to 2 atoms, equal or different, selected from the following: H, CI, Br, I; X A , = F, H; the compounds 
of general formula: CFX A |=CX Al OCF 2 OCF 2 CF 2 Y A | (A-l I) wherein Y A) = F, OCF 3 ; X A) as above, are preferred; 
in particular (MOVE I) CF 2 =CFOCF 2 OCF 2 CF 3 (A-lll) and (MOVE II) CF 2 =CFOCF 2 OCF 2 CF 2 OCF 3 (A-IV) are 
preferred; 

C 2 -C 8 non fluorinated olefins (01), for example ethylene and propylene; 

(2) TFE-based copolymers, wherein TFE is copolymerized with at least one comonomer selected from the follow- 
ing: 

(per)fluoroalkylvinylethers (PAVE) CF 2 =CFOR f , wherein R f is as above; perfluoro-oxyalkylvinylethers 
CF 2 =CFOX : 

wherein X is as above; fluorovinylethers (MOVE) of formula CFX A ,=CX A |OCF 2 OR A , (A-l) wherein R A , and X A , are 
as above; C 2 -C 8 fluoroolef ins containing hydrogen and/or chlorine and/or bromine and/or iodine atoms; C 2 -C 8 non 
fluorinated olefins (01); perf I uoroviny I ethers containing hydrocyanic groups as described in USP 4,281,092, USP 
5,447,993, USP 5,789,489. 

[0024] Preferred compositions, in %by moles, of the monomers wh ich form the basic structure of the f I uoroelastomer, 
are the following, being 100% the sum of the molar percentages of the monomers: 

(a) vinylidene fluoride (VDF) 45-85%, hexafluoropropene (HFP) 15-45%, tetrafluoroethylene (TFE) 0-30%; C 2 -C 8 
non fluorinated olefins (01) 0-30%; 

(b) vinylidene fluoride (VDF) 45-85% : perfiuoroalkylvinylether (PAVE) and/or fluorovinylethers (MOVE) 15-55%, 
tetrafluoroethylene (TFE) 0-30%; 

(c) vinilydene fluoride (VDF) 15-40%, C 2 -C 8 non fluorinated olefins (01) 5-30%, hexafluoropropene (HFP) and/or 
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perfluoroalkylvinylether ( PAVE) 15-30%, tetrafluoroethytene (TFE) 10-30%; 

(d) vinylidene fluoride (VDF) 5-30%, perfluoroalkylvinylether (PAVE) and/or fluorovinylethers (MOVE) 15-55%, 
tetrafluoroethylene (TFE) 33-75%; 

(e) tetrafluoroethylene (TFE) 5 0-80%, perfluoroalkylvinylether (PAVE) and/or fluorovinylethers (MOVE) 15-55%; 
5 (f) tetrafluoroethylene (TFE) 45-65%, C 2 -C 8 non fluorinated olefins (01 ) 20-55%, vinylidene fluoride 0-30%; 

(g) tetrafluoroethylene (TFE) 32-60% by moles, C 2 -C 8 non fluorinated olefins (01) 1 0-40%, pert luoroalkylvi- 
nylether(PAVE) 20-40%. 

[0025] Optionally the fluoroelastomeric matrix comprises also monomeric units deriving from a bis-olef in having gen- 
10 eral formula: 



R 1 R 2 C = C -Z- C = CR 5 R 6 (II) 



R 3 R 4 

20 wherein: 

R 1> R 2- R 3> R 4> R 5» R 6> eo . ual to or different from each other, are H or C r C 5 alkyls; 

Z is a C 1 -C 18 linear or branched alkylene or cycloalkylene radical optionally containing oxygen atoms, preferably 
at least partially fluorinated, or a (per)ftuoropolyoxyalkylene radical, as described in EP 661,304 in the name of 
25 the Applicant. 

[0026] The amount of units in the polymer chain deriving from said bis-olefins is generally in the range 0.01-1 .0% 
by moles, preferably 0.03-0.5% by moles, still more preferably 0.05-0.2% by moles per 100 moles of the other above 
mentioned monomeric units which form the basic structure of the fluoroelastomer. 

30 [0027] The compositions of the present invention can be cured by peroxidic or ionic route or by the combination of 
the two techniques. Forcrosslinking by peroxidic or mixed route, the fluoroelastomers A) contain in the polymer chain 
and/or in terminal position of the macro molecules iodine and/or bromine atoms. The introduction in the fluoroelasto- 
meric matrix of said iodine and/or bromine atoms can be obtained by addition of brominated and/or iodinated "cure- 
site" comonomers, such as bromo and/or iodo olefins having from 2 to 10 carbon atoms, as described for example in 

35 (JSP 4,035-565 and USP 4,694,045, or of iodo and/or bromo fluoroalkylvinylethers, as described in USP 4,745,165, 
USP 4,564y662 and EP 199,138, in such amounts that the cure-site comonomer content in the final compound is 
generally in the range 0.05-4 moles per 100 moles of the other basic monomeric units. Other usable iodinated com- 
pounds are the triiodinated ones derived from triazines as described in European patent application EP 860,436 and 
in European patent application 979,832. 

40 [0028] In alternative or also in combination with the "cure-site" comonomers, it is possible to introduce in the fluor- 
oelastomer iodine and/or bromine end atoms by addition to the reaction mixture of iodinated and/or brominated polymer 
chain transfer agents, such as for example the compounds of formula R f (l) x (Br) y , wherein R f is a (per)fluoroalkyl or a 
(per)fluorochloroalkyl having from 1 to 8 carbon atoms, while x and y are integers comprised between O and 2, with 1 
< x+y < 2 (see for example USP 4,243,770 and USP 4,943,622). It is also possible to use as polymer chain transfer 

45 agents iodides and/or bromides of alkaline or alkaline-earth metals, according to USP 5,1 73,553. 

[0029] In combination with the polymer chain transfer agents containing iodine and/or bromine, other polymer chain 
transfer agents known in the prior art, such as ethyl acetate, diethylmalonate, etc., can be used. 
[0030] Curing by peroxidic route is carried out, according to known techniques, by addition of a suitable peroxide 
capable to generate radicals by thermal decomposition. Among the most commonly used we remember: dialkyl per- 

50 oxides, such as for example di-terbutyl-peroxide and 2,5-dimethyl-2,5-di(terbutylperoxy)hexane; dicumyl peroxide; 
dibenzoyl peroxide; diterbutyl perben zoate; di[1 ,3-dimethyl-3-(terbutylperoxy)butyl]carbonate. Other peroxidic sys- 
tems are described, for example, in European patent applications EP 136,596 and EP 410,351. 
[0031] To the curing blend other compounds are then added, such as: 

55 (a) curing coagents, in amounts generally in the range 0.5-1 0% : preferably 1-7% by weight with respect to the 

polymer; among them there are usually used: trial ly I -cyan urate; triallyl-isocyanurate (TAIC); tris(diallylamine)s- 
triazine; triallylphosphite; N,N-diallyl-acrylamide; N,N,N' ,N' -tetraallyl-malonamide; trivinyl-isocyanurate; 
2,4,6-trivinyl-methyltrisiloxane, etc.; TAIC is particularly preferred; 
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other preferred crosslinking agents are the bis-olefins described in EP 769,520. 

Other crosslinking agents which can be used are triazines described in European patent application EP 860,436 
and in European patent application WO97/05122; 

(b) optionally a metal compound, in amounts in the range 1-15%, preferably 2-10%, by weight with respect to the 
polymer, selected from oxides or hydrooxides of divalent metals, such as for example Mg, Zn, Ca or Pb, optionally 
combined with a weak acid salt, such as for example stearates, benzoates, carbonates, oxalates or phosphites of 
Ba, Na, K, Pb, Ca; 

(c) optionally acid acceptors of the non metal oxide type such as 1 ,8 bis dimethyl amino naphthalene, octade- 
cylamine, etc. as described in EP 708,797. 

(d) other conventional additives, such as thickening fillers, pigments, antioxidants, stabilizers and the like. 

[0032] Curing by ionic route, preferred curing route according to the present invention, is carried out by addition of 
curing and accelerating agents well known in the prior art. The amounts of the accelerating agents are in the range 
0.05-5 phr, the curing agent in the range 0,5-15 phr, preferably 1-6 phr. 

[0033] As curing agents, aromatic or aliphatic polyhydroxylated compounds or their derivatives can be used, as 
described for example in EP 335,705 and USP 4,233,427. Among them we remember in particular: di-, tri - and tetra- 
hydroxy benzenes, naphthalenes or anthracenes; bisphenols, wherein the two aromatic rings are linked each other by 
an aliphatic, cycloaliphatic or aromatic bivalent radical, or by one oxygen or sulphur atom, or also by acarbonyl group. 
Aromatic rings can be substituted by one or more chlorine, fluorine, bromine atoms or by carbonyls, alkyls, acyls. In 
particular bisphenol AF is preferred. 

[0034] As accelerating agents it can be used for example: quaternary ammonium or phosphonium salts (see for 
example EP 335,705 and USP 3,876,654); amino-phosphonium salts (see for example USP 4,259,463); phosphoranes 
(see for example USP 3,752,787); iminic compounds described in EP 182,299 and EP 120,462; etc. Quaternary phos- 
phonium salts and aminophosphonium salts are preferred. 

[0035] Instead of using the accelerating agent and the curing agent separately, it can also be used from 1 to 5 phr 
(preferred from 2 to 4.5) of an adduct between an accelerating agent and a curing agent in molar ratio from 1 :2 to 1 : 
5, preferably from 1 :3 to 1 :5, the accelerating agent being one of the onium-organic compounds having a positive 
charge, as above defined, the curing agent being selected from the above compounds, in particular di- or polyhydroxy 
or di- orpolythiol compounds; the adduct being obtained by melting the reaction compound between the accelerating 
and the curing agent in the mentioned molar ratios, or by melting the mixture of the adduct 1 :1 added with the curing 
agent in the indicated amounts. Optionally also an excess of the accelerating agent with respect to that contained in 
the adduct can be present, generally in amounts from 0.05 to 0.5 phr. 

[0036] For the preparation of the adduct particularly preferred as cations are: 1 ,1 -diphenyl-1 -benzyl-N-diethyl-phos- 
phoranamine and tetrabutyl phosphonium; among the anions, bisphenol compounds are particularly preferred, wherein 
the two aromatic rings are linked by a bivalent radical selected from the perf luoroalkyl groups having from 3 to 7 carbon 
atoms, and the OH are in para position. 

[0037] The adduct preparation is described in the European patent application in the name of the Applicant EP 
684,277 herein incorporated by reference. 
[0038] The curable blend furthermore contains: 

i) one or more inorganic acid acceptors selected from those known in ionic curing of vinylidene fluoride copolymers, 
in amounts 1 -40 parts for 100 parts of fluoroelastomeric copolymer; 

ii) one or more basic compounds selected from those known in the ionic curing of vinylidene fluoride copolymers 
in amounts from 0.5 to 10 parts per 100 parts of fluoroelastomeric copolymer. 

[0039] The basic compounds ii) are commonly selected from the group formed by Ca(OH) 2 , Sr(OH) 2 , Ba(OH) 2 , metal 
salts of weak acids, such as for example carbonates, benzoates, oxalates and phosphites of Ca, Sr, Ba, Na and K and 
mixtures of the aforesaid hydroxides with the aforesaid metal salts; among the compounds of the type i), MgO can be 
mentioned. 

[0040] The indicated amounts of the blend components are referred to 100 phr of copolymer or terpolymer of the 
invention. To the curing blend other conventional additives, such as thickeners, pigments, antioxidants, stabilizers and 
the like can then be added. 

[0041] The results of the present invention are quite unexpected since there was no mention in the prior art that it 
was possible to disperse amounts of semi-crystalline fluoropolymer higher than 40% by weight, such to obtain a very 
good disperdibility of the fluoropolymer in the fluoroelastomer without formation of fluoropolymer aggregates. 
[0042] As said, the fluoroelastomeric compositions of the inven tion have the following combination of properties: 

improved mechanical properties, in particular improved elastic modulus/elongation at break ratio; 
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elongation at break higher than 200%; 

high hardness, homogeneous on the whole manufactured article; 
improved chemical and thermal resistance; 
excellent surface aspect, roughnesses free; 
5 - working easiness in equipments conventionally used in the fluoroelastomer field, without using complicated tech- 
nologies for the incorporation; 

lower permeability to fluids, in particular to hydrocarbons. 

[0043] Therefore the compositions of the invention are particularly suitable for oil drilling applications in the oil in- 
fo dustry. 

[0044] The present invention will be better illustrated by the following Examples, which have a merely indicative and 
not limitative purpose of the scope of the invention itself. 

EXAMPLES 

15 

EXAMPLE 1 

Preparation of the invention composition containing 50% of semi -crystalline fluoropolymer B) 
20 [0045] 

a) Preparation of the semi-crystalline fluoropolymer B) latex 

In a 10 I autoclave, equipped with stirrer working at 545 rpm there were introduced, after evacuation, 6.5 I of 
demineralized water and 260 ml of a microemulsion of perfluoropolyoxyalkylenes previously obtained by mixing: 

25 

56.4 ml of a perfluoropolyoxyalkylene having an acid end group of formula: 

CF 2 CIO(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 2 COOH 

30 

wherein n/m = 10, having average molecular weight of 600; 

56^4 ml of an aqueous solution of NH 4 OH at 30% by volume; 
1 12.8 ml of demineralized water; 
35 - 34 ; 4 ml of Galden® D02 having the formula: 

CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 3 

40 wherein n/m = 20, having average molecular weight of 450. 

The autoclave was then heated up to 80°C and maintained at this temperature for the whole reaction. The 
autoclave was brought to the pressure of 0.6 bar (0.06 MPa) with ethane and then up to the pressure of 20 bar (2 
MPa) with a monomeric mixture formed by 6.5% by moles of perfluoromethylvinyiether (PMVE) and 93.5% by 
moles of tetrafluoro ethylene (TFE). 
45 During the reaction the pressure is maintained at 20 bar by continuously feeding the following monomeric 

mixture: 2% by moles of PMVE and 98% of TFE. 

After 45 minutes of reaction, corresponding to 1 00% of the monomer conversion, the autoclave was cooled 
and the latex discharged. The latex properties are reported in Table 1 . 

b) Preparation of the fluoroelastomer A) latex 

so In a 1 0 I autoclave, equipped with stirrer working at 545 rpm, there were introduced, after evacuation, 6.5 I of 

demineralized water and 67 ml of a microemulsion of perfluoropolyoxyalkylenes previously obtained by mixing: 

1 4.5 ml of a perfluoropolyoxyalkylene having an acid end group of formula: 
55 CF 2 CIO(CF 2 - CF(CF 3 )0) n (CF 2 0) m CF 2 COOH 

wherein n/m = 10, having average molecular weight of 600; 
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14.5 ml of an aqueous solution of NH 4 OH at 30% by volume; 

29 ml of demineralized water; 

9 ml of Galden® D02 having the formula: 

CF 3 0(CF 2 - CF(CF 3 )0) n (CF 2 0) m CF 3 
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wherein n/m = 20, having average molecular weight of 450. 
The autoclave was then heated up to 80°C and maintained at said temperature for the whole reaction. The 
following mixture of monomers was then fed: 



vinylidene fluoride (VDF) 
hexafluoropropene (HFP) 
tetrafluoroethylene (TFE) 



48% by moles 
45% by moles 
7% 



so as to bring the pressure up to 30 bar (3MPa). 
In the autoclave there were then introduced: 

0.32 g of ammonium persulphate (APS) as initiator; 

21 g of 1 ,6-diiodoperf luorobutane (C 4 F a l 2 ) as polymer chain transfer agent; the addition was carried out in 3 
aliquots, the first one equal to 3.2 g at the beginning of the polymerization, the second one equal to 9.4 g at 
20% of conversion, the third one equal to 8.4 g at 80% of conversion; 

1 0 g of bis-olef in of formula CH 2 =CH-(CF 2 ) 6 -CH=CH 2 ; the addition was carried out in 20 aliquots, each of 0.5 
g starting from the beginning of the polymerization and for every 5% increase in the monomer conversion. 

The 30 bar pressure was maintained constant for the whole polymerization by feeding a mixture formed by: 



vinylidene fluoride (VDF) 
hexafluoropropene (HFP) 
tetrafluoroethylene (TFE) 



70% by moles 
19% by moles 
11% 



After 160 minutes of reaction, corresponding to 100% of the monomer conversion, the autoclave was cooled 
and the latex discharged. The latex properties are reported in Table 1 . 
c) Mixing of the latexes and preparation of the invention composition 

The latex obtained in a) was mixed with the latex prepared in b) so as to obtain an amount of semi-crystalline 
polymer equal to 50% by weight with respect to the total weight of A) +- B). After mixing the latex is coagulated 
with a solution of aluminum sulphate (6 g of AI 2 (S0 4 ) 3 for each litre of latex) and dried at 90°C in an air circulating 
oven for 16 hours. 1 ,000 g of the invention composition were obtained, which was characterized, see Table 2. 

The mixing of the composition of Example 1 with the crosslinking agents was carried out in an open mixer 
commonly used to mix fluoroelastomers. The plates obtained by moulding of the composition of Example 1 show 
a very smooth surface, roughnesses free. 

EXAMPLE 2 (comparative) 

Preparation of the invention composition containing 20% of semi-crystalline fluoropolymer B) 
[0046] 

a) Preparation of the semi-crystalline fluoropolymer B) latex 

Example 1 is repeated. 

b) Preparation of the f luoroelastomer A) latex 

The procedure of Example 1 is repeated. 

c) Mixing of the latexes and preparation of the invention composition 

[0047] The latex obtained in a) was mixed with the latex prepared in b) so as to obtain an amount of semi-crystalline 
polymer equal to 20% by weight with respect to the total weight of A) + B). After mixing the latex is coagulated with a 
solution of aluminum sulphate (6 g of AI 2 (S0 4 ) 3 for each litre of latex) and dried at 90°C in an air circulating oven for 
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1 6 hours. 

[0048] 1 ,000 g of polymer are obtained. 

[0049] The latex properties are reported in Table 1 . The characterization of the invention composition is reported in 
Table 2. 

5 

EXAMPLE 3 (comparative) 

Preparation of a composition containing 50% of fluoropolymer in powder 
10 [0050] 

a) Preparation of the semi-crystalline fluoropolymer B) latex Example 1 is repeated and the obtained latex is co- 
agulated. 

b) Preparation of the fluoroelastomer A) latex The procedure of Example 1 is repeated and the obtained latex is 
15 coagulated. 

c) Mixing of the polymers and preparation of the final composition in an open mixer 

[0051] It was not possible to mix the two polymers A) and B ) in an open mixer under the conditions used in Example 
1 , wherefore it was not possible to determine the final properties of the composition of this Example. 

20 

EXAMPLE 4 (comparative) 

Preparation of a composition for the oil drilling containing mineral fillers 

25 [0052] Mixing of the agents and preparation of the final composition: as fluoroelastomer A)Tecnoflon® P757 is used. 
The semi-crystalline fluoropolymer B) is on the contrary not used. The compound properties are reported in Table 2. 



TABLE 1 





Examples 


solid/ latex (g/l) 


Particle diameter (nm) 


MFK 1 ) ASTM D1238 


Mooney (1 +1 0) 121 ° c ASTM 


30 








D1646 




1 

Fluoroel.A j _. 


360 


70 








Polymer B 


200 


30 


10 


52 


35 


2 comp. 












Fluoroel.A 


360 


70 








Polymer B 


200 


30 


10 


52 




3 comp. 










40 


Fluoroel.A 


360 


70 








Polymer B 


200 


30 


10 


52 



(1 ) MFI was measured at 372°C with 2.1 6 Kg 



TABLE 2 



EXAMPLES 


1 


2 comp 


3 comp 


4 comp 


% by weight polymer B) in A)+B) 


50 


20 


50** 




Formulation: 










Comp. A)+B) 


phr 


100 


100 


100 




Teen of Ion® P757 










100 


Drimix TAIC 


•i 


3 


3 


3 


5 


Luperco 101 XL 




2 


2 


2 


5 



** it was not possible to mix the compounds A) and B) in powder in an open mixer wherefore the subsequent characterization, as for the other 
Examples, was not carried out 
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TABLE 2 (continued) 



EXAMPLES 


1 


2 comp 


3 comp 


4 comp 


% by weight polymer B) in A)+B) 


50 


20 


- -i -«■-» 




Formulation: 










CELITE 499 


ii 


5 


5 


5 


_ 


Carbon Black 


■I 


1 


1 


1 


30 


Carbon Black SRF 




_ 


_ 


_ 


30 


ZnO 


■I 


- 


- 


- 


5 


MDR (177°C, 12') (ASTM D6204-97): 










ML 


Lbf.in. 


12 


45 




n H 


I MH 




41 


25.5 




n.d. 


Ts2 


sec 


15 


21 




n.d. 


T'90 


■I 


63 


70 




n.d. 


Mechanical properties after post-cure at 230°C for 1+4 h (ASTM 










D412-83) 












M100 


Mpa 


6.2 


4 




20 


Stress at break 


■i 


15 


13 




18 


Elong. at break 


% 


312 


412 




110 


Shore A hardness 




86 


64 




88 



** It was not possible to mix the compounds A) and B) in powder in an open mixer wherefore the subsequent characterization, as for the other 
Examples, was not carried out 
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Claims 

1 . Fluoroelastomeric compositions comprising: 

A) a perfluoroelastomeric matrix; 

B) a semi-crystalline fluoropolymer, in an amount from higher than 40% to 90% by weight based on the total 
of A) + B); 

the fluoroelastomer A) incorporates the fluoropolymer B) , the fluoropolymer B) being formed by tetraf luoroethylene 
(TFE) homopolymers, or by TFE copolymers with one or more monomers containing at least one unsaturation of 
ethylene type, in an amount from 0.01% to 10% by moles, preferably from 0.05% to 7% by moles, the average 
sizes of the semi-crystalline fluoropolymer particles being from 10 to 100 nm, preferably from 10 to 60 nm. 

2. Fluoroelastomeric compositions according to claim 1 , wherein the semi-crystalline fluoropolymer B) amount incor- 
porated in the fluoroelastomeric matrix is higher than 40% by weight, preferably from higher than 40% to 80% by 
weight based on the total of the polymer mixture, more preferably from 45% to 70% by weight. 

3. Compositions according to claims 1 -2, wherein the semi-crystalline fluoropolymer B) comprises comonomers hav- 
ing an ethylene unsaturation both of hydrogenated and fluorinated type. 

4. Compositions according to claim 3, wherein the fluorinated comonomers are selected from the following: 

C 3 -C 8 perfluoroolefins, preferably hexafluoropropene (HFP), hexafluoroisobutene; 

C 2 -C 8 hydrogenated fluoroolefins, preferably viny? fluoride (VF), vinylidene fluoride (VDF), trif luoroethylene, 
perfluoroaikylethylene CH 2 =CH-R f , wherein Rf is a C r C 6 perfluoroalkyl; 
C 2 -C 8 chloro-fluorolefins, preferably chlorotrifluoroethylene (CTFE); 
(per)fluoroalkylvinylethers (PAVE) CF 2 =CFOR f) 

wherein R f is a C,-C 6 (per)fluoroalkyl, preferably CF 3 , C 2 F 5 , C 3 F 7 ; 



10 



BNSDOCID: <EP 1260550A1_I_> 



EP 1 260 550 A1 

(per)fluoro-oxyalkylvinylethers CF 2 =CFOX, wherein X is: C.,-C 12 alkyl, or C.,-C 12 oxyalkyl, or C r C 12 (per) 
fluoro-oxyalkyl having one or more ether groups, preferably perfluoro-2-propoxy-propyl; fluoro-dioxoles, more 
preferably pertluorodioxoles; 
- fluorovinylethers (MOVE) of general formula CFX A ,=CX A |OCF 2 OR AI (A-l) wherein R A , is a C 2 -C 6 linear, 
branched, or C 5 -C 6 cyclic (per)fluoroalkyl group, or a C 2 -C 6 linear, branched (per)fluorooxyalkyl group con- 
taining from one to three oxygen atoms; when R A , is a fluoroalkyl or a fluorooxyalkyl group as above defined 
it can contain from 1 to 2 atoms, equal or different, selected from the following: H, C1, Br, I; X A) = F, H; the 
compounds of general formula CFX A ,=CX AI OCF 2 OCF 2 CF 2 Y A | (A-ll) wherein Y A , = F, OCF 3 ; X Ai as above are 
preferred; more preferably (MOVE I) CF 2 =CFOCF 2 OCF 2 CF 3 (A-lll) and (MOVE II) 
CF 2 =CFOCF 2 OCF 2 CF 2 OCF 3 (A-IV) are preferrred. 

Compositions according to claim 4, wherein thecomonomers are selected among PAVEs, preferably perfluorome- 
thyl-, ethyl-, propylvinylether, MOVES, preferably MOVE I and MOVE II, and fluorodioxoles, preferably pertluoro- 
dioxoles. 

Compositions according to claims 1-5, wherein the fluoroelastomers A) are VDF- or TFE-based copolymers and 
are selected from the following: 

(1) VDF-based copolymers, wherein VDF is copolymerized with at least one comonomer selected from the 
following: 

C 2 -C 8 perfluorootefins, preferably tetrafluoroethylene (TFE), hexafluoropropene (HFP); 

C 2 -C 8 chloro- and/or bromo- and/or iodo-fluoroolefins, preferably chlorotrifluoroethylene (CTFE) and bro- 

motrifluoroethylene; 

(per)fluoroalkylvinylethers (PAVE) CF 2 =CFOR fl 

wherein R f is a C r C 6 (per)fluoroalkyl, preferably trifluoromethyl, bromodifluoromethyl, pentafluoropropyl; 

perfluoro-oxyalkylvinylethers CF 2 =CFOX, wherein X is a C r C 12 perfluorooxyalkyl, having one or more 
ether groups, preferably perfluoro-2-propoxy-propyl; 

- fluorovinyl ethers (MOVE) of general formula CFX A ,=CX AI OCF 2 OR A , (A-l) wherein R Af is a C 2 -C 6 linear 
branched or C 5 -C 6 cyclic (per)fluoroalkyl group, or a C 2 -C 6 linear, branched (per)fluorooxyalkyl group 
containing from one to three oxygen atoms; when R A) is a fluoroalkyl or a fluorooxyalkyl group as above 
it can contain from 1 to 2 atoms, equal or different, selected from the following: H, CI, Br, I; X A , = F, H; the 
compounds of general formula: CFX A ,=CX AI OCF 2 OCF 2 CF 2 Y A , (A-ll) wherein Y AI = F, OCF 3 ; X AI as above 
are preferred; (MOVE I) CF 2 =CFOCF 2 OCF 2 CF 3 (A-lll) and (MOVE II) CF 2 =CFOCF 2 OCF 2 CF 2 OCF 3 
(A-IV) more preferred; 

C 2 -C 8 non fluorinated olefins (01 ), preferably ethylene and propylene; 

(2) TFE-based copolymers, where in TFE is copolymerized with at least one comonomer selected from the 
following: 

(per)f luoroalkylvinylethers (PAVE) CF 2 =CFOR f , wherein R f is as above ; 
perfluoro-oxyalkylvinylethers CF 2 =CFOX, wherein X is as above; 

- fluorovinylethers (MOVE) of formula CFX Ar CX A ,OCF 2 OR A , (A-l) wherein R A , and X A , are as above; 
C 2 -C 8 fluoroolefins containing hydrogen and/or chlorine and/or bromine and/or iodine atoms; 
C 2 -C 8 non fluorinated olefins (01 ); 

perfluorovinylethers containing hydrocyanic groups. 

Fluoroelastomeric compositions according to claim 6, wherein the compositions of the monomer blends, expressed 
as % by moles, which form the basic structure of the fluoroelastomer, are the following, being 1 00% the sum of 
the molar percentages of the monomers: 

(a) vinylidene fluoride (VDF) 45-85%, hexafluoropropene (HFP) 15-45%, tetrafluoroethylene (TFE) 0-30%; 
C 2 -C 8 non fluorinated olefins (01) 0-30%; 

(b) vinylidene fluoride (VDF) 45-85% : perfluoroalkylvinylether (PAVE) and/or fluorovinyl-ethers (MOVE) 
15-55%, tetrafluoroethylene (TFE) 0-30%; 

(c) vinilydene fluoride (VDF) 15-40%, C 2 -C 8 non fluorinated olefins (01) 5-30%, hexafluoropropene (HFP) 



11 



EP 1 26055OA1 Jj> 



EP 1 260 550 A1 

and/or perfluoroalkylvinylether (PAVE) 15-30%, tetrafluoroethylene (TFE) 10-30%; 

(d) vinylidene fluoride (VDF) 5-30%, perfluoroalkylvinylether (PAVE) and/or fluorevinylethers (MOVE) 15-55%, 
tetrafluoroethylene (TFE) 33-75%; 

(e) tetrafluoroethylene (TFE) 5 0 - 8 0 %, perfluoroalkylvinylether (PAVE) and < luorovinylethers (MOVE) 
5 15-55%; 

(f) tetrafluoroethylene (TFE) 45-65%, C 2 -C 8 non fluorinated olefins (01) 20-55%, vinylidene fluoride 0-30%; 

(g) tetrafluoroethylene (TFE) 32-60% by moles, C 2 -C a non fluorinated olefins (01) 10-40%, perfluoroalkylvi- 
nylether (PAVE) 20-40%. 

10 8. Compositions according to claims 1 -7, wherein the fluoroelastomeric matrix comprises monomeric units deriving 
from a bis-olefin having general formula: 



R 1 R 2 C = C -Z- C = CR 5 R 6 (II) 

15 



20 

wherein: 

F*2> R 3» R 4» R 5> R 6> ea , ual t0 or different from each other, are H or C,-C 5 atkyls; 
Z is a C r C 18 linear or branched alkylene or cycloalkylene radical, optionally containing oxygen atoms, pref- 
25 erably at least partially fluorinated, or a (per)fluoropolyoxyalkylene radical, the amount of the units in the pol- 

ymer chain deriving from said bis-olefins being in the range 0.01-1 .0% by moles, preferably 0.03-0.5% by 
moles, still more preferably 0.05-0.2% by moles per 1 00 moles based on the total of the other monomeric units. 

9. Fluoroelastomeric compositions according to claims 1-8, obtainable by mixing the latex of the semi-crystalline 
30 fluoropolymer B) with the latex of the fluoroeiastomer A) and subsequent coagulation. 

1 0. Fluoroelastomeric compositions according to claims 1 -8, obtainable in the same reactor, by using two subsequent 
steps: in the first step the semi-crystalline fluoropolymer B) is polymerized, while in the second step the fluoro- 
eiastomer A) is polymerized. 

35 

1 1 . Compositions according to claims 1-10, cured by peroxidic or by ionic route or by combination of the two techniques. 

12. Use of the compositions according to claim 11 for the oil drilling applications. 

40 



45 



50 



55 
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